Background: The advantages of coated orthodontic wires such as esthetic and their effects on reduced friction, corrosion and allergic reaction and the signifi cant consequences of plaque accumulation on oral health encouraged us to assess bacterial colonization on these wires. Materials and Methods: A total of 18 (9 upper and 9 lower) epoxy resin coated 16 × 22 nickeltitanium wires (Spectra, GAC, USA) and 18 (9 upper and 9 lower) non-coated 16 × 22 nickel-titanium wires (Sentalloy, GAC, USA) with isolated packages were selected and sterilized before application. The samples were divided randomly between upper and lower arches in 18 patients and hence that every patient received one coated and one uncoated wire at the same time. Samples were removed and cut in equal lengths after 3 weeks and placed in phosphate buffered saline buffer. After separation of bacteria in trypsin and ethylenediaminetetraacetic acid solution, the diluted solution was cultured in blood agar and bacterial colony forming units were counted. Finally, the data was analyzed using the paired t-test and the signifi cance was set at 0.05. Results: Mean of bacterial colonization on uncoated wires was more than that of coated wires (P < 0.001). Conclusion: Bacterial plaque accumulation on epoxy resin coated nickel-titanium orthodontic wires is signifi cantly lower than uncoated nickel-titanium wires.
INTRODUCTION
Recently the demand for esthetic treatments has increased. These esthetics are important in every stage of treatment. The esthetics of orthodontic appliances is a major concern for patients. [1] After the introduction of the tooth-colored brackets, the only metal part remaining were the wires. It was favorable that this part becomes tooth-colored also. [2] Esthetic archwire is highly desirable to complement esthetic brackets in clinical orthodontics. [3] The metallic wires have the most favorable characteristics for orthodontic treatment due to their strength, hardness and malleability, therefore it seems that the best way for removing the metallic appearance, is to coat them with tooth-colored materials. Various non-metallic materials are used to coat wires, but only few are commercially available. [2] The available wires are usually coated with tefl on or epoxy resin. [4] The amount of force applied during treatment is also very important in orthodontics. [5] A lot of efforts have been made to decrease the friction between the wires and brackets. The primary intention in producing coated wires is esthetics, but now it has been proved that when used with ceramic brackets, these wires generate lower amounts of friction compared to normal wires. [6, 7] Besides the esthetic reasons, another concern is that the oral cavity represents a harsh environment for a metallic orthodontic appliance of any kind. Corrosion of orthodontic appliances has been thoroughly studied. [8] It has been confi rmed that coating the wires decreases their corrosion in the oral cavity and also decreases allergic reaction to nickel. [9] Another important issue in orthodontics is to prevent the accumulation of microbial plaque on tooth and orthodontic appliance surfaces. [10] [11] [12] Microbial plaque formed on orthodontic appliances not only poses oral health risks, [13, 14] but is also important in technical aspects because microbial plaque on elastics and elastomeric chains can severely decrease their force and tooth movements. [5] Microbial plaque accumulation on orthodontic appliances could affect the frictional resistance during tooth movement. The aforementioned advantages of coated wires make the clinicians use them in orthodontic practice despite their higher cost. [15] The advantages of using coated wires such as esthetics, reduced friction, reduced corrosion and allergic reactions on one hand and the importance of microbial plaque accumulation on orthodontic appliances regarding oral health, friction increase and force decay of elastomeric materials on the other hand prompted us to evaluate the amount of bacterial colonization on these wires.
MATERIALS AND METHODS
This prospective clinical trial was performed on patients visiting the Orthodontic Department of School of Dentistry, Isfahan University of Medical Sciences.
. The samples were chosen using the non-randomized simple method. The chosen patients had fi nished the fi rst phase of treatment and were ready to enter the second part and their teeth were aligned. This study was approved by the Ethics and Research Committee of the School of Dentistry, Isfahan University of Medical Sciences.
The wires used in this study were 16 × 22 coated Ni-Ti (Spectra, GAC, USA) and 16 × 22 uncoated Ni-Ti (Sentalloy, GAC, USA). After sterilizing the wires in an autoclave, coated wires in the upper arch and uncoated wires in the lower arch, were used in 9 patients and the opposite for 9 other patients. After 3 weeks, the patients were recalled and the wires were removed cautiously to avoid any contact with oral mucosa.
They were cut in equal lengths and then they were placed in sterile plates containing phosphate buffered saline to keep the bacteria alive until they were transferred to a microbiology laboratory. In the laboratory the specimen were placed in a 25% tripsine and ethylenediaminetetraacetic acid solution and shook for 45 min. This process releases the bacteria and creates an adequate suspension of them.
Then, the suspension was rarefi ed. For this purpose, a volume of 10 μl of the suspension was mixed with 2.99 ml sterile saline so the total volume was 3 ml. The primary suspension was diluted 300 times. The achieved solution was uniformed using a shaker machine and 10 μl of it was poured in another tube with 0.99 ml saline, so the suspension was diluted another 100 times. A total volume of 10 μl of the fi nal suspension was transferred to a blood-agar culture plate. After the rarefying processes, the amount of bacteria on the plate was of the initial amount. The bacteria from coated and uncoated wires were cultured on different plates and the number of the patient and wire type was recorded on each plate for future result evaluation. The plates were incubated at 37° for 24 h. Afterwards, the amounts of bacterial colonies were counted by a blinded laboratory technician. The process was repeated 3 times for each sample and the mean amount was recorded. The fi nal amount of bacteria was calculated by multiplying the mean amount of the three tests in the concentration coeffi cient and the volume percentage of the initial suspension. The previous studies have reported that surface roughness is an important factor in absorbing microbial plaque, [12] [13] [14] [15] [16] [17] therefore, both groups of wires were sent to Flight Industries physics laboratory and the surface roughness of each sample was evaluated by a roughness testing machine (Mahr, Germany).
Finally, the data were analyzed with the SPSS software (version 11) (SPSS Inc. Chicago, IL, USA) using the paired t-test and the signifi cance was set at 0.05.
RESULTS
The mean amounts of colonies counted are showed in Table 1 . There was a signifi cant difference between the amounts of bacteria in two groups. The uncoated group showed more bacterial colonies (P < 0.001).
The t-test analysis showed that the bacterial accumulation on the upper and lower arches have no signifi cant difference. This is true for coated (P = 0.7) and uncoated (P = 0.9) wires [ Table 2 ].
Surface roughness comparison showed that uncoated wires had higher surface roughness.
DISCUSSION
The results of this study showed that the difference between the coated and uncoated surface of wires affects the amount of bacterial plaque with the coated wires absorbing less bacteria.
A study done by Faltermeier et al. [11] compared four polymer bracket types regarding the amount of Streptococcus mutans accumulation and reported that the type of material in contact with bacterial colonies is determinant in the amount of bacterial absorption, which is consistent with the results of this study.
Maetani et al. in their study [18] stated that coating intra-oral instruments with tefl on reduces the amount of plaque accumulation and eases plaque removal. This study also proves that surface characteristics of intra-oral instrument are an import factor in microbial plaque accumulation.
It seems that the difference between materials in absorbing microbial plaque is due to the difference between their surface characteristics such as surface energy and surface roughness. [12, 17] In our study, we compared the surface roughness between coated and uncoated wires and the results showed that coated wires had lower surface roughness and also lower amounts of bacterial plaque. Therefore, it can be concluded that one reason for less bacterial plaque accumulation on uncoated wires could be their lower surface roughness.
Lee et al. [12] evaluated the surface characteristics of orthodontic materials and the effect of these characteristics on S. mutans adhesion. They reported that higher surface roughness and surface energy leads to more S. mutans absorption. They concluded that the increase in surface area and retention points associated with surface roughness leads to higher plaque accumulation. They also stated that changes in surface energy interrupts acid-alkaline and vanderwalls reactions which is critical for initial bacterial adhesion.
Quirynen [17] also showed that a decrease in surface energy and surface roughness reduces plaque formation and that the role of surface roughness is more signifi cant, which confi rms the results of the present study.
Bourauel et al. [19] compared the surface roughness of various orthodontic wires. They showed that Ni-Ti wires had a wide range of surface roughness from different manufacturers. The authors explain that different manufacturing techniques and fi nal polishing are the reasons for different surface roughness values. In this study, the wires were from the same company, therefore, different technique types couldn't be the reason for different surface roughness values and the major reason for this difference could be the epoxy resin coating.
We also compared the amount of bacterial plaque accumulation in the lower and upper arches. The results showed that there was no signifi cant difference between the arches. The previous studies also have reported that plaque formation is similar in different oral regions. [16, 20] CONCLUSION Based on the above study, it can be concluded that bacterial plaque accumulation on epoxy resin coated nickel-titanium orthodontic wires is signifi cantly lower than uncoated nickel-titanium wires. Future studies can compare the different types of coating polymers regarding microbial plaque accumulation on orthodontic wires.
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